Seven distinct families of superconductors with critical temperatures at ambient pressure that equal or surpass the historic 23 K limit for Nb 3 Ge have been discovered in the last 25 years. that the probability of a newly discovered superconductor family having maximum T c > 100 K is ~0.1-1%, decreasing to ~0.02-0.2% for room temperature superconductivity.
Introduction
Superconductors have zero electrical resistance and behave as perfect diamagnets (known as the
Meissner effect). This arises from the condensation of electrons near the Fermi level into
Cooper pairs that behave as a collective quantum mechanical state -a superconductor is a charged superfluid. Thermal pair-breaking limits superconductivity to a maximum critical temperature (T c ) above which the material shows metallic or semiconducting behaviour with a 25 finite resistance. Superconductivity is also limited by critical magnetic fields (H c ) and current densities (J c ) at temperatures below T c . The critical temperature is mainly determined by chemical composition and structure, whereas the critical fields and currents are also strongly influenced by microstructure and are often not optimum in homogenous materials. The electronpairing interactions are relatively weak, e.g. in comparison to magnetic exchange interactions, 30 so that all known superconductors have T c 's well below ambient temperature. Cryogenic cooling is thus needed to exploit the useful properties of superconductors such as in power 2 transmission cables, magnetically levitated trains, or SQUID (superconducting quantum interference device) electronics based on the Josephson effect of tunnelling Cooper pairs.
Increasing T c towards ambient temperature is thus a major ambition for superconductivity research.
The first century of superconducting materials research divides into two eras, the 'low-T c ' 5 period from the 1911 discovery of the zero-electrical resistance transition in mercury until 1986 when the record critical temperature was T c = 23 K in Nb 3 Ge, and the subsequent 'high-T c ' era, during which several types of chemically complex solids with T c 's up to 138 K have emerged.
This review will briefly describe the seven distinct families of high-T c superconductors (taken to be those with T c ≥ 23 K at ambient pressure) that have been discovered in the last quarter 10 century. The families vary in size from containing one to many chemically and structurally similar materials with a common physical mechanism for superconductivity. The overall chemical trends and possible future directions for materials discovery are also discussed. and approaches the lowest recorded terrestrial temperature of 184 K. An enormous literature is available for the cuprate superconductors; some recent books and review articles are cited here. 3, 4, 5, 6, 7 Although the pairing mechanism and a convincing explanation for the magnitude of T c in this family remain controversial, the essential chemical features are clearly established.
High-T c families

Cuprates
The complex chemistry of the cuprates results from the requirement for several structural 25 features, shown schematically in Fig. 1(a) , to optimise superconductivity;
1 Copper oxide planes are essential. These have stoichiometry CuO 2 and a geometry like that found in the MO 2 planes of the AMO 3 perovskite structure ( Fig. 1(b) 
Fullerides
The discovery of high temperature superconductivity in copper oxides was followed by another 6 remarkable finding from a very different group of materials. After buckminsterfullerene (C 60 )
was first identified and isolated in the 1980's, alkali metal fulleride derivatives were synthesised and superconductivity was first reported in K 3 C 60 with T c = 19 K. 9 The fulleride superconductors are highly air-sensitive which hinders their characterisation and limits their practical utility. Nevertheless, the variation of superconductivity across the A 3 C 60 family has 5 been explored in detail and related alkaline earth and lanthanide-doped fullerides, with T c 's up to 8 K for Ca 5 C 60 and Sm 2.75 C 60 , have also been prepared. 10, 11, 12 The main tuning parameter for the A 3 C 60 superconductors is the interfulleride separation,
represented by the unit cell volume per C 60 , as shown in Fig. 3 . T c increases up to a maximum of 33 K for RbCs 2 C 60 as the volume increases, but beyond this limit superconductivity is 10 destabilised with respect to an antiferromagnetic magnetic ground state. Recent studies have found that T c increases under pressure up to 35 and 38 K in the face-and body-centred cubic polymorphs of Cs 3 C 60 , respectively.
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The phonon-mediated BCS mechanism for superconductivity in the weak coupling limit describes many aspects of the fullerides. Vibrational spectra reveal a coupling between the 15 conduction electrons and high frequency vibrations of the C 60 3-anions that strengthens as the interfulleride separation increases, and a BCS-type 13 C isotope effect is also observed.
However, the transition to a Mott (magnetic) insulating state at limiting high separations is more similar to the breakdown of metallic and superconducting behaviour at low dopings in cuprates and other unconventional high-T c superconductors. The phase diagram for this system 16 in Fig. 4 shows that superconductivity emerges with the maximum T c immediately beyond the suppression of the charge ordered state at x = 0.38 and diminishes with further doping up to the x = 0.5 stability limit of the solid solution. at high pressure, but these have lower T c 's of 12 and 13 K respectively. 17 The large radii and good size matching of Ba 2+ and K + ions appear to be optimal for superconductivity in dopedBaBiO 3 . 20 Optical spectra show that Ba 1-x K x BiO 3 is an s-wave superconductor (like conventional low-T c materials), 18 but the electron-phonon coupling constant was found to be too small for conventional BCS coupling to explain the high T c . Electron-phonon coupling may be enhanced by electron-electron interactions in negative-(Hubbard) U models, which follow the negative-U description of the disproportionation of the average s 1 configuration to give ordered s 0 and s 2 25 8 states in the BaBiO 3 parent material.
Quaternary borocarbides
Many rare earth transition metal borides and carbides are superconducting but most have low T c values. However a specific family of quaternary materials with composition RM 2 B 2 C (R = rare earth, M = Ni, Pd) were discovered to have T c 's up to the past record value of 23 K for 5 YPd 2 B 2 C. 19 The structure (Fig. 5) consists of layers of isolated linear B 2 C groups between R and M layers. Magnetic R cations suppress superconductivity completely for R = Pr, Nd, Sm, Gd, and Tb in the RNi 2 B 2 C series and a variety of antiferromagnetic states is found, but coexistence of superconductivity and magnetic order is observed for the later R = Dy, Ho, Er, Tm. 20, 21, 22 This strong coupling of the rare earth metal moments to the conduction electrons is in 10 contrast to the RBa 2 Cu 3 O 7 and RFeAsO series where the R-magnetism has little influence on superconductivity. The RM 2 B 2 C superconductors appear to be s-wave materials but with an anisotropic energy gap. 
Intercalated Nitride Halides
MNX (M = Zr, Hf; X = Cl, Br, I) phases are insulators that contain hexagonal X(MN) 2 X layers which may be stacked in several polymorphic arrangements. Chemical or electrochemical 20 intercalation of alkali metals (Li, Na, K) into the van der Waals gaps between the layers ( Fig.   6(a) ), or removal of a small amount of halogen X, dopes electrons into the M d-band inducing superconductivity. 23, 24 The maximum observed T c in this family is in the original report of 25.5 9 K for Li 0.48 (THF) y HfNCl containing cointercalated tetrahydrofuran solvent (THF). 25 Intercalation staging has been observed in Na x HfNCl, and T c 's of 24 and 20 K were reported for the stage 1 and 2 materials respectively. 26 The intercalated MNX phases are very air-sensitive which has hampered study of their physical properties. 27 where the constituent layers have an orthorhombic (FeOCl type) structure that differs from that of the Zr and Hf based materials (Fig. 6(b) ). This reveals that superconductivity is not specific to one underlying lattice symmetry in this family.
Physical measurements show that the nitride halides are not conventional BCS 15 superconductors and have a large superconducting gap ratio 2∆/k B T c = 4.6-5.6. In the Li x ZrNCl system, the maximum T c is observed for minimum x = 0.06 doping, below which a magnetic insulating state is observed. reported.
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MgB 2 has a layered structure with magnesium atoms between graphitic boron sheets (Fig. 7 ).
It appears to be an optimum superconductor 'as is', and doping or substitutions of other metals 
Iron Arsenides
The final family provides an appropriately symmetric closure to the first quarter century of high temperature superconductor discovery, with very high T c 's second only to those of the cuprates, 20 and many chemical and physical similarities. 33 They are based on FeAs layers in which Fe is tetrahedrally coordinated by As atoms (Fig. 8 ) and several structure types with different additional layers are known. A comprehensive review of the field has recently been published. 34 High-T c 's were first reported in the electron-doped LaFeAsO 1-x F x series 35 
Chemical Commonalities
The seven families of high temperature superconducting materials do not fall into a well- In the second 'nonmetal-bonded' limit, nonmetal to nonmetal bonding is important, and the However, the antiferromagnetism observed at the limit of superconductivity in fullerides may also be relevant. 25 The quaternary borocarbides are intermediate between the above two limits as they contain strongly bonded, discrete B 2 C groups but also show chemical specificity for Pd over Ni or other metals and have a 50:50 metal-nonmetal composition. Of the seven high temperature superconductor families, this is the only one to show prominent metal-metal bonding, and as the T c does not exceed that of Nb 3 Ge, it could equally be regarded as 'low T c '. 
Future Prospects
The first 25 years of the high-T c era have been spectacularly productive, with a new T c ≥ 23 K superconductor family discovered every few years. As noted above, each family is chemically distinct from the others, so prediction of future discoveries is difficult, however some indicators are evident. The probability of a superconductor family having maximum T c > T is (1 -F(T c ≤T)) so from 5 the above parameter values, the probability of a newly discovered superconductor family having maximum T c > 100 K is 1%, decreasing to 0.2% for T c > 300 K (room temperature superconductivity). These statistical estimates appear up to an order of magnitude too high as only one presently known family has T c > 100 K, so ranges of 0.1-1% and 0.02-0.2% may be more realistic, and even these should be treated with appropriate caution. On a statistical basis, 10 several hundred new families of superconductor may have to be discovered to find another T c > 100 K material, and perhaps many hundreds or a few thousand to realise the possibility of superconductivity at room temperature. However, more targeted approaches based on knowledge of known materials as presented here, or perhaps on new theoretical insights, should reduce the chemical space to be explored.
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Conclusions
Seven distinct superconductor families with ambient pressure T c 's that equal or surpass the historic limit of T c = 23 K in Nb 3 Ge have been discovered in the last 25 years. These high-T c families are all nonmetal-rich unlike the metals and alloys that dominated the earlier low-T c era. analysis suggests that the probability of a newly discovered superconductor family having maximum T c > 100 K is ~0.1-1%, decreasing to ~0.02-0.2% for room temperature 10 superconductivity.
